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By William M. Kauffman, Allan Smith,
Charles J. Liddell, Jr., and George E, Cooper

SUMMARY

A new apparatus for varying the effective dihedkal in flight by
means of servo aotuation of the ailerons in res~onse to sideslip
angle is descrited. The results of brief flight tests of the
apparatus, md.e on a conventional fighter plane for the purpose of
evaluating the apparatus, are presented and discussed. The apparatus
is shown to have satisfactorily simulated effective stick<ixed
dihedral angles ranging from 14.gO to -2.7° under static and dynamic
conditions. It is shown that the effects of a smll amount of servo
lag are measurable tihenthe apparatus is simulating sm12 negative
dihedral angles during abrupt rudder kicks; however, these effects
were not considered by the pilots to give the a&@ane an arti–
ficial feel. It appears that, with suitable minor modifications, an
even wider range of dihedral my be simulated.

0 INTRODUCTION

The Ames Aeronautical Laboratory currently is conducting an
investigation of the dynamic+tability characteristics of airplanes
at cruising and high airs~eds. As part of this pogram, flight
tests have been planned to determine the effects of changes in the
static43rectional+ tibility and static-lateral+ tability parameters
Cn~j the rate of change of yawing+ument coefficient with sideslip,

and CZB,the rate of change of roll.ing-ment coefficient with side-

sllp, oh the dymmi=tahility and ~platform characteristics of a
conventional fighter airplane.

A ~m of ~ Cnp and CZ~ in flight was considered
highly desirable for this investigation in order to isolate the
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2 NACA ~~0. 1788

effects of changes in these stability parameters on the dynamic ,
behavior of the a&@ane from those due to other important
influences, such as air gustiness and piloting technique. Varia-
tions of c

ta?!
and Clp ordinarily ere obtained by changes in the

vertica& area and the wing dihedral angle, reqectively.
Although complex mechanical systems for producing these alterations
in flight could.be designed, this method was not considered practi-
cable on the test airplane. A more flexible method in which CnB

and Czp sre varied artificially by mesas of servo actuation of the
main or auxiliary control surfaces in response to sideslip signals
was then considered. The general principle involved has been d.ls-
cussed by Wrgan-”in reference 1, h which mention is mile of appli-
cations by the Germns to change the apparent longitudinal stability
of a large flying boat and by.the British to increase the dtiectional
damping of a dive bmiber. This method appears to offer great promise,
not only as a resemch tool but as a means of deteminlng the optimum
stability characteristics of prototypes and improving the stability
chemcteristics of production airplanes. AE a first step in apply-
ing this mthod to the current dynamic+tabflity program, an
apparatus fcm varying the later-tability derivative C2P of the

test airplane to include the range encountered with conventional,
straight+zlng configurationshas been developed. Recent studies of
airplane configurations involving highly swept.or triangular plan
fame have led to interest in the even wider range of dtiedral effect
which is characteristic of such plan forme. Eztension of the current
investigation to cover a larger range of dtiedral effect and airspeed
to study such factors as the maximum safe or feasible positive
dihedral effect at high lift coefficients and negative dihedral ~
effect at low lift coefficients is contemplated.

A description of the apparatus and the results of the first
flight tests made for the purpose of determining its ability to
shmilate changes of CZP under stetiy and dynamic flight conditions

are presented In this report.

SYMBOL9

v true aizqeed, feet per second

vi indicated airspeed, miles Ter hour

9. @ImiO pressure pounds

s wing area, square feet

per square foot
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* P, feet

rolling velooity, radians ~r second

lateral stick fmoe, potis

period of lateral oscillation, secondg

nuuiberof cyoles for lateral oscillation to damp to one-
haJf amplitude

angla of sideslip, degrees

latera+ stick deflection, degrees

total aileron defleotioti(sum of left
deflections, left when left aileron

rudder deflection, degrees

aileron tab deflection (positive when
left aileron is up), degrees

.

and right aileron
is up), degrees

tab looated on

effeotive wing dihedral angle, degrees

ro~nt coefficient (rolling mam3nt/qSb)

~nt coefficient (yawing moment/qSbj

rate of ohange of rollbgaam nt coefficient with angle
of sideslip (~ ZP13), per degree

rate of dmge of yawfng+nomnt coefficient with angle
of sideslip (&@), ~er degree

rate of ohange of rolMng+om nt coefficient wi@ ~

tip helix angle (~2@)

rate of change of rolling=moment coefficient with aileron
deflection (Nz~5a), per degree

aileron se~esring ratio

ailercm tab servmgeering ratio

u.. . —.. . ,.— .- —- —.... . . - —_.._.-_. . . . . . . . . ..- --- — ..— -.
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Thed.rplane nseiLinthe*ests wasac onventicn@. prcpellez+
driven, MrR&MJw, stngle@.ace, fighter airplme. A ~eF
~ - a plmto~h of the airplme as indmlmntea for ,flight
tests 8re given in f’igmes 1 W 2, respectively.

.

DWedkabE33?ect Control @axeAus

Theory anaaeagn conditions.- Dihedral effect can he expressed
quEultitatim3y stdbil.ttycoefficient C!2B,- the rate of change

Of ro~m coel%tciemt uith angle of sidesli.. me aesign of
the‘present aIJFaratw is %am?d on the fact that a change In appacent
cl can be olxlxbed * actmtion, ly a serm mechmim tith m

mtim 8 praprtionsl to sidesliy mgle j3, of a control
mmface ubich ~oduces m133mg moment. Then

i%.ere

(1)

()‘A%p ~ change in CZB ale *O serYo action

C26 - rolX1.inneffectiven+s- of smf%e controlled by serw

Prd.himry instigation shined that the most~CtiCSbb
~tiOa of ohtdning lsrge s~~ted ro~ doe~ci=ts
~=~ to Sideslip angle cm the teat airplane mm by use of

ailerons. m order iiodnnil.atechanges in C2pj the
smvu wtion of the ~oms must not %e accompanied by any reault&t
mmwlent of the stick or increment illMlmraJ. stick force● This
condition mi.ses flccmthe fat% that the aileron stick+flection md
sti62M?orc8 gradients dB/dJ3 and W/@ required for hl.ante h
ate* strd.fjhtsideslips m, to a pilot, measmes of the stick+
ma andstidk+Yee dihedral effect. In order to obtain changes in
tw/apand q-parent stick-fixed

requires h the control system,

.—..—

c2p? a differential linkage is

-th aileron deflection as the output

a

II

.
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1
and pilotipplied stick motim and an independent servo motion as ‘
tiputs. The m@mum value of serv~ear ratio (&k@9)s which
then csm he utilized is restricted in two ways: First, the mexhum
serv~tuated aileron deflection must be limited to sXlow the pilot
sufficfent aileron deflection for normal maneuvering and emergency
control; and, second, the mhimum sideslipemgle range over which
the”appsratus is operative for my serv~ear ratio must be greater
than that required for normal operation and the desired test
mmeu’vers. These restrictions became more severe as airspeed is
decreased, since both the pilot-required aileron cmtrol and the
sidesli~gle range then generally increase.

lh order to obtain changes in all?/@ and apparent stick-free

%p) a means of canceling out the hinge moment due to ser-vo+ctuated
deflection of the ailerons is required, since with common differe~
tial linkages the entire hinge moment is trsmsmitted back to the
stick. It was desired for-the first tests that,the ratio of the
stick-free value of CZP to the stick-fixad value remain coxptant
as the stick—fixed value was changed. This leads to the requirement
that the stick-free value be zero when the stick-fixed vslue is zero,
which is equivalent to assuming that the change in aileron htage
moment with sideslip is zero. The desired effect is approximated on
the present installationby servo actuatia of the aileron trim tab
to furnish an aileron hinge moment’equal and opposite to that arising
from the serv=ctuated aileron motion. As was the case for the
aileron system, a differential gesring with tab angle as the output
motion and the tab servo and pilot-actuated triwtab motions as
inputs is required. .

Although the discussion thus far has been confined to the static
flight condition of steady straight sideslips, a similar expl-tion
which yields similar requirements can be developed for maneumrs
in which sideslip eagle varies rapidly. The ideal servo mechanism
for pOauC* a change in Cz~ which iS constantunderanydJ?UlliC ‘
condition would be one with an output motion ehays in phase with and
a constant proportion of the @put quantity. Deviations of actuel
servo mechanisms frcnnthis ideal cause undesired Veriatims in CZP.

Aileron drive system4– There are a n~er of mechamlsms which
will give the desired differential aileron motion, and the choice
between them depends on the particular control system under consider-
ation. The linkage which was used for the test a&plane is illustrated .
schematically in fi~e 3. M the original.aileron cficuit, lateral
stick motion-impart&3 a‘corresponding
horn attached to the forwerd end of a

&Jlar motion tO
torque _bUbeVMch

a control
WEs

,- .—— -~ —--. — — . ..... . —- .— ...-. ~.— —...-—- —-. ..-—-.
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supported by two fixed bearings. This rotation was transmitted as
a linear motion by push rods attached by self” bearings to
the horn. b the tiied installation an additional torqbtube
bearing was attached to the fuselage structure @st fmwar d of the
stick. The torque tie was cut immediately forward of this bearing
and a univerml joint instaUed. The original forward fixed bearing ,
was replaced by two bearings free to move in a horizontal plane. The

“one neerest the torq~tube horn restrains the tube vertically by
means of roller guides. The other is bolted’to a plate which has a
pin joint centered over the udversal joint. This plate is attached
by cables to a drum on the servo motor and rotates In a horizontal
plane when the drum rotates. Thus, the forward portion of the
torque tube swhgs about the universal jofnt when the servo responds
to a sideslip signal. The torque-tube horn ad the aileron push
rods then move laterally if the stiok is hem fixed, and this
motion results in an aileron deflection proportional to drum rotation.
The pilot still can apply in the normal nmnner any additional desired
aileron deflection up to nmximum in either direction. The kine=tics
of the retised system are shown in figure 4, in which total aileron
deflection ~a (the mm of left and right aileron angles) is plotted
as a function of lateral stick deflection g for neutral and ti-
mum test servo positions. These curves and additional data obtained.
at intermediate servo positions showed that, as is desired, the
gear*s abam m (a6a@p)s are nearly const=t over the
available ranges of ba and 9.

Aileron servo m3chanism.- The aileron and tab servo mechanisms
were develo~d tiom an electric ampli~ system mrmally used for
remote control of aircraft gun turrets. This system was chosen on
the basis of si~tem and mot~utput require~nts, applica-
bility to aircti, and availability. A simp13fiad electrical
oircuit diagram of the installation is giwn in figure 5. The
error~aeuring *ion of the aileron servo nmhanism is esse~
tiallj a tw~potentiomter bridge circuit with a S&volt, 40L
cycle yower sup@y. One potentiometer is geared Mechanically to a
yaw vme located on a boom extending forward from the left wing tip
of the airplane. m second potentiometer is connected to the
aileron servo motm. With the yaw vane and servo motw initially
neutmal, the bridge ctrouit is at one balanoe point. When the vam3
is deflected through an angle of sideslip P, = errcm signal is
supplied by the’bridge to the amplifier. The amplified signal,
converted to Mreot current, is’fed to the field of an amplidyne
generator the arr&ure of which is driven continuously at oonstant
sped by the d-c. auplidyne mdor. The generator output voltage, of

.. -—- ..== —- ——
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a polmrity ml magnitude determined by the error signal, is applied
to the arnature of the reversible separately e~cited d+. aileron
servo motor. The generator output voltage detemines the direction
@ speed of ths serv~tor rotation, which moves the torque tube
and attached potentiometer in the direotion whioh tends to balance
the bridge circuit at anew point corresponding to P and (Ga)se
The servo gearing (akpp)Hcan le altered through the switch S1,

whioh in effeo% varies the ~ridge uribalancevoltage per desee side-
slip. The sign of (b5a/@)B, and thus (Mlp)s, oan be reversed

by switah .%. -

Mleron tab drive and servo mqchanism.— The ratio (d~/d5a)s

of the tab motion to aileron motion required to balance the hinge
moment due to servo-actuated aileron motion was determined from
prelhinary flight tests. hswfficient total power of the origimal
trim tab necessitated em increase of both the area and the oontrol
throw of the tab, which was located on the left aileron. (See
fig. 6,) 33riefflight tests with this revised tab yielded a

(d%/d8a)~ value of ~.15, whioh was used for the Wesent tests.

Although the standard aileron trin+tab drive linkages passed near
the aileron servo-motor location in the co@rpit, it was pot possible
to utilize this servo motor in obta~ the desired tab action
(d5t/dba)a because of excessive lost motion in the tab linkages

between oqckpit and tab surface. Therefore, a separate servo motor
was installed in the left wing to drive the ta% more directly. (See
fig. 6.) As indioated by figure s, the tab serv=lectrioal circuit
is similar to the aileron circuit, although selsyne are Wed in
place of potentiometers in the signal ne.$work. Error signals aris-
ing from rotation of the selsyn attached to the aileron servo
result in motions of the tab Servo and selsyn which tend to reduce
the error to zero. The ratio (d8t/d6a)e is the constant value of
-1.15. The pilot is furnished with a tr~tab control which, when
rotated, acts through differential gear$ng to rotate the aileron
motor selsyn and, hence, the aileron tab.

Servo-meohanism oontrols and ouerat~ prooedure.— The 10C*
tion of the aileron drive system and associated cockpit controls is
shown in ffgure 7*

b
the tiin serv~ontrol box is shown in more

detail in figure . When the apparatus is operated in flight, the
ehror-signal circuits are energized first. The destied value of
(bbafi~)s then is set with the servo+earing rati~elector switch,
which gives values ranging I%om mximum positive to maximum negative
in six appro~tely equal increments. Azm3ters, which indicate the
aileron servo.emor signal, reduce the possibility of abrupt motions

.

— ..... ——.-— — ——--—- .—— -,— ..- —---~ — —-—— -—
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. which might occur if the servo motor were energized with the airplane
at a sizable angle of sideslip. The pilot,-by use of the rudder,
reduces the error signal to zero and then places the entire system in
operation by switching on the aileron smplidyne. Changes in Cl

then are easily obtainable at any time by reducing the sideslip & e
to zero and moving the servo-gearing selector switch. Both the
aileron and the tab drives ere equipped with limit switches md with
locking ad emergency drive circuits which Wrmit the pilot to lock
or return to neutral the torque tube and tab in the event of maL
functioning.

Instrumentation

Standard NACA photographicallyrecordimg instruments were used
to measure as a functicniof time tha folhwing variables: indicated.
airspeed; pressure altitude; appli@ aileron control force; ~
positions of the aileron surfaces, aileron tab, aileron servo drum,
forward portion of the aileron torque tube in the horizontal plane,
rudder, and stick; sideslip angle; and airplane rolling and yawing
velocities. Afree-swivel.ling pitot-static head mounted on a boom
extending fcmward from the right wing tip was used for airspeed and
altitude measurements. The recca%iingsidesldp vand was mounted on a
psralJel boomat the same planwise location relative to the wing as
the servo-error+ignal vane on the left wing tip. (See fig. 2.)
Comparison of simultaneous records obtained in fli~t from vanes on
these two booms showed
was small and constant
sidesM~e range.

a difference in indicated s~deslip angle which
within about _W.2° over the test airspeed and

TM31’sAND RESU13S

The results presented in this report are based on data obtained
during the first flights of the test airplane made with the complete
dihedral+ffeot control.apparatus in operation. The prinsry purpose
of these early tests was to determine, from recorded data and pilots?
opinions, the ability of the apparatus to simulate changes in stick–
fixed and stick-free dihedral effect under static and dynamic flight
Conditions. Although data were obtained at several airspeeds and
values of servo geering (aba~~)s, results presented herein are co~
fined to the normsl airplane (servo inoperative) and.to the nEximum
test values of (a5a/ilp)s or (Ml+ at a nominal indicated air.
speed of 350 miles ~er hour. The da& presented me t~ical, and

.— - _ . . -—- ---- . . . . .—-. —-,. ,, ,. ..-, ““”,’.- =-.-—— -—— --—
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these test conditions ay~oximate those originally considered in the
design of the apparatus. Operation under static flight conditions
was studied in steady straight sidealips and under dynamic conditions
in abrupt rudder kicks and cdrpitiontiol-fixed lateral oscillations.

Ste* strai@t sideslips.- The aileron and.tab deflections
supplied by servo action and the net balancing aileron deflection and
stick force supplied by the pilot are plotted-in figure 9 as a
function of sideslip angle for the three test serv~earing ratios.
AU quantities represent changes from the wings-level trim condition.
Corrections for distortion k the aileron servo drive system (between
the aileron servo motor and the torque tube) have been made.

‘l’hefollowingfomulawas used.in computing the values of stick-
ftied CZQ noted in figure 9?

r

‘2, =C,PIWI (2) (2) “

where a Clp value of A.45 was obtained from reference 2. Abrupt

rudde-fixed ailero~oll flight tests gave a value of ~.00215 for

L

d(pb 2V)/d8a (corrected ap~~tely for effects of sideslip), and
aba D is the pilotipplied curve slope from figure 9. Also shown
for coqarison are values of the stick-fixed effective dihedral @e
I’e computed from the equation

where a value

obtained from

of C2 /r of a.000225 ~er
B

reference 2.

(3)

deg?ee squared was

Abrupt rudder kicks.— The pilot abruptly deflected and held the
rudder pedals while the stick wae held fixed. Several different
rudder deflections, left and right, were employed for each servo-
gearimg ratio. Typical tinm histories showing the motions of the cow
trol surfaces and airplane sre presented in figure 10. The computed
aileron deflections due to servo action for an ideal.servo mechadsm
(no time lag) are shown for comparison with the measured values. The
variation of the mxhum value of the rolling parameter pb/2V with
chsmge in rudder deflection @ for these mAneuvers is given in
figure n(a). The ratio of pb/2V per tit A% for each servo-
gearing ratio to the value for the normal airplane [(aba~6)~=O]
was computed from the slopes of these curves and is shown in

,.
,,

.
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figme U(b) as a function of the correeyonding static stick–fixed
effective dihedral mgle. A sfilar predicted curve computed.by the
method of reference 3 is shown for comparison.

Control-fixed lateral oscil.latioti.– Lateral oscillationswere

induced from an initial steady+ideslip attitude by abruptly return-
ing and holding the rudder ~edals and control stick in tiim position.
T~ical time histories & the control deflections, including the
computed aileron motion supplied by - ideal servo mechemism, and
resultant airplane motions are given in figure I-2. The alsolute
values of serv~pplied aileron deflection shown in fig’me 12 are
~obably in error because of initial misalinement at the trim side-
sliy amgle. This factor is not important, however, because it is
only the time variation of this quantity that has any significance
here. The computations of aileron cleflection which would he supplied
by an ideal servo were based on exact agreement in the steady side-
slip. The oscillation period Y and nuniberof cycles to damp to
o~ _tuti C+ were detemined from the tim histories of

sideslip @e, and are @ottad in figure 13 as a function of ~.

values of 1? and c= computed by the method of reference 4 are

dSO shown. ~ gene;al, the best available data on the rmss and
aerodynamic characteristicswere employed in the computations, but
minor adjustments were nmle to give exact comelation for the normal
airplane in order to facilitate comparison of th~ mammed and pe-
dicted effects of Cl .

B

DISC=SION

Characteristics
in

of Effectiv+Dihedral Contiol
Steady Sideslips

_ s*@ Sideslips, the pilot noted that the appratus
did not cause the airplane to ,haveam artificial feel; that is, it
caused no significant difference in the feel d the airplane from
that which would %e expected of an airplane with actual dihedral of
the magnitudes being simulated by the apperatus. FiWe 9 shows
desirable smooth and linear variations of pilo=pplied aileron
deflection and stick force with sideslip angle with the apparatus in
operation. The S1OP of the pilo&applied ailero~flection curve
vaxies, for the maximum test aileron servo-gear ratios, from a large
stible value to a noticeably unstable value, correspandiq to a stick–
fixed cl~ rmge from ~.0033 to 0.0006 and a re range from 14.gO

●
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to +2.7°. Since

caused about &

n

the normal value of re is 6.3°, the Bervo action

change. The slope of the stick-fcmce curve varies
from a large sta%le value to ap~oximately zero, indicating large
changes in stick~ee dihedral effect. However, the fore-urve
slope is zero when the ailer~flecti~urve slope is unstable;
thus, the desired condition that the stick~ee CZP and the stick-

fixed Czp equal zero at the same gearing ratio was not accomplished
for these tests. This condition could be rectified by increasing the
tab,s~ear~ ratio (d~/d&)s or the ~b effectiveness. me

latter solution appears preferable h the ~esent application because
of possible loss in effectiveness of the tab at the Wge deflections
which would result from increases in (d%/d%) s.

,

The sizable I’e range from 14.gO to +.70, which was obtained
in the present tests, corresponds closely to that originally desired
for the investi~tion of the Mgh+ped dynaudc lateral characteristics
with the test airplane. It is believed that, as more data and
experience are gained with the apparatus, the aileron serv~eaMmg
ratio can be increased gradually to g+ve about twice the present Ne
of &, so that the characteristics of configurations such as highly
sweptiack and b%mguhr wings can le mme closely simulatid.

Characteristics in Abrupt Rudder ‘Etcks”

The response in roll to a given abrupt ruddsr deflection is one
mea&re of Uhedral effect. The rolling-velocity curves of figure
10 show that, qualitit~vely, the apparatus successfully simulated
large changes in dihedral effect under these severe dynamic conditional
the changes in maximum rolling velocity with servo-gesring ratio (and
static re) are readily apparent. It is seen that the actual servo-

applied aileron deflection is in good agreenent with the values com-
puted from the sideslip angle for an ideal servo, except for a time
lag of about 0.1 semnd during the initial portion uf the maneuver.
The records and computations showed that this time lag did not have
a serious effect on the rolling response in simulating positive
ohanges in re (fig. 10(b)), but that it caused an m“destied initial
rolling response when attempting to simulate large negative changes
in re. With the appratus set fm re = -2.70, the mm.sured
response to left rudder deflection showed an initial smll left roll-
ing velocity prior to the developmmt of right rolling velocity
(fig. lo(c)). The computed res~nse showed right rolling velccity
throughout the mneuver. There was good agreement, however, between
the values at computed and measured mximum rolling velocities and
the times at which they occurred. Additional step-by+hep response

. . ...._. _ ____ .—_—_ ._. _ .—— — —.-~.-— .-—.. ,— ————- ————. .—. .— -—.. ..’
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calculations were made, and the results showed that a lag of 0.1
second would account for the undesired initial left roll.. Close
examination of ~ositi-recorder data showed that the lag h serv~
applied aileron deflection was due partially to lag in the servom-
echanism response and partially to stretch in the aervo+ontrol
system between the servo motor and the torque tube. Suitable minor
adjustments ti the electrical oticuit might improve the servo
response in future tests. Reduction of the lag d~ to stretch could
be accomplished by a reduction in the flexibility and inertia of the
control system, but this would necessitate major changes in the ,
present apparatus.

The effect of this - amount of lag was noticeable to the
pilots, but, in their opinion, it did not cause the a&@ane to
have an artificial feel.. To the pilots,the smill amount of reverse
rolling velocity appeared as an effect of yawing velocity, sad theti
opinion was that the apparatus satisfactorily simulated changes in
dihedral.

A quantitative measure of the effect of the apperatus in
changing the rolling response in a%rupt rudder kicks is given by
figure 11. The snmll initial undesired rolling motion at the
-2.70 re setting was ignored in deriving these data. It is seen
from figure ll(a] that the mximum value of the rolMng pammeter
pb/2V ~r unit rudder deflection, a measure of dihedral effect, was
varied over the wide range from the normal value of O.O@ to O.OKl
smd 4.002. Figure lJ(b) shows good agreement between the measured
and predicted effects of I’e on the rou~ respo~e, w th~
indicates that the effects of the desired changes in I’e are
stmulated by the apparatus under severe dynamic conditions.

It is believed that the initia!lsmall adverse rolling motion
experienced in rudder kicks when the apparatus was used to simw
late the +2.7° value of re will not prove a serious deficiency in
applyimg the ap~atus to further dynami~tability studies. This
effect would be most noticeable when attempting to simulate smaller
negative (or zbro] dihedral effect. As more negative ValUSS of re
are obtained by increasing the servo gearing, the initial left roll-
ing velocity following a left rudder kick should decrease slightly
and the ultimate right rolling velocity will increase, possibly to
the point where the undesired initi~ motion wi~ not be noticeable
to the pilot. me rtier kick is a severe maneuver, of me primarily
in flight testing; the desirability of coordinated mneuvers and
the large t- lag between application of rudder deflection and
attainment of substantial rolling velocity precludes its use in
norml flying. The magnitude and rate of chemge with time of
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sideslip angle (and the resultant servo lag) attained in this
maneuver are much greater than usually e~rienced in maneuvers at
high speed. T@ only sideslip+ngle changes of comparable abrup&
ness which tight occur in the proposed dynaini~tability investi-
gation would be those in very gusty air.

Characteristics in Lateral Oscillations

As was the case for the rudder kicks, the serv~pplied aileron
deflection lhgs the sideslip angle a small amount in the latera~
oscilMtion time histories shown in figures 12(b) and X2(c). There
are occasional small tiegularities in the servo-output motion, but
the agreement between actual and ideal aileron deflection is COG
sidered good. The time histories show that, qualitatively,the
apparatus simulates the effects of chemges of C2P on,lateraL

oscillation characteristics. Compexed to the normal cheracte~
istios (fig. 12(a)), the increased excitation of the rolling motion
and the decreased dampimg of the airplane motions caused by an
increase in dihedral effect (fig. 12(h)) are apparent. With a slight
negative dihwiral effect (fig. M!(c)), the rolling motion is smaU,
and the airplane motions are rapidly damped.

Fair quantitative agreement between measured and predicted
oscillation period and damping are shown in figure 13. The discre~
ancies at the -2.7° static effectivsdfiedral+le setting may be
due in part %0 difficulties in accurately evaluating the oscillation
flight data when, as in this case, the damping is high, and due in
part to the slight rudder motions which the pilot was unable to
elimlnate. Both the measured and predicted effects of I’eon the peri~
exe small. The @asured decrease in damp% with imreasm re is
approximately the same as that given ly the ~edictions, which shows
that deviations of the aileron servo characteristics from the ideal
did not have a serious effect on the airplane damping.

It is lel.ievedthat, with suitable mincn?modifications, the
apparatus wilJ he oapable of producing sufficiently large yositive .
dihedral effect to cause oscillatory instability.

CONCLUDING RPMlRE3

The first flight tests of a new apparatus for varying the
dihedral effect of a oopventional fightez+~e airplane have shuwn
that the device permits large changes in stick-fixed and stick-free

t
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dihedral effect-to be made readily in fllght. successful tests have
been conducted over an effectiv+dihedral-amgle range from 14.gO to

.

-2.70.

The ap~atus exhibited a small amount of lag dirringdynamic
maneuvers whibh, although ~rceptible to the pilots, was not consid-
ered by them to cause any significant change in the feel of the air–
plane from that of an ordinary airplane with similar dihedral.

Wenslon of the operating ranges of the dihedral apparatus is
now being made over a limited angle of sideslip range, so that the
large chamge of dihedral effect with lift coefficient experienced on
swep>back wings can be smted. Determination of the tolerable
limits in both the negative and positive dtiection is of speoial
interest.

s

#mms Aeronautical Laboratmy,
National Advimry Committee

Moffett Field, Calif.
for AeronautLcs,
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Figure 3.- Sketch of original and modified aileron contro/ system.
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Figure 7.– View of cockpit interior showing aileron serv~i~e and
control components.
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~gure 8.. Threquaxter front view of control box for the dlhedrkmtiol a~at~.

.



I

.!

,

,,”{,,
,/

,, I
,’

.,

‘<i
. ...

,,

,.
f.:

.
. .



.

Sideslip angle from trim, deg
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hour.
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Figure Il.- Rolling response characterhths h? abrupt rudder
kicks. V = 350 miles per hour.
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Figure /2.- Time histories of Iuteral oscillations. V = 3S0
miles per hour.
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